OBJECTIVE -To determine whether evidence-based socioculturally adapted collaborative depression care improves receipt of depression care and depression and diabetes outcomes in low-income Hispanic subjects.
D
iabetes is associated with a twofold higher risk of comorbid depression compared with the general population, with rates among Hispanics as high as 33% (1) . Greater risk of cardiovascular illness, functional disability, mortality, and health service use is found among Hispanics with comorbid depression and diabetes, which is particularly important because Hispanics have a higher prevalence of diabetes compared with nonHispanic whites (2) . Moreover, among diabetic patients, depression is often persistent and severe (2) , and among Hispanics, difficulty with diabetes management can contribute to depression (3) . However, Hispanics are less likely to be diagnosed or to receive depression care and have lower utilization rates and greater risk of discontinuing antidepressants during the first 30 days of treatment because of side effects, socioeconomic barriers, and cultural preferences for psychotherapy (4) .
Glycemic control is worse and complications are high among Hispanics with diabetes (5), in part, explained by inadequate medical and self-care and cultural and economic factors (6) . Comorbid depression and diabetes may significantly worsen the course of both disorders, leading to higher complication and mortality rates (7) and total health care expenditures (8) . Depression may worsen diabetes outcomes via neurobiological mechanisms (9) and poor adherence to self-care regimens (10) . In some, but not all, trials, glucose control has been shown to improve with depression treatment; however, the prevalence of undiagnosed or untreated depression among all diabetic subjects is high (11) .
This randomized clinical trial implemented a health services effectiveness trial design to test a collaborative care model aimed at increasing exposure of lowincome, predominantly Hispanic diabetic patients (15 non-Hispanics) with comorbid depression to evidenced-based depression psychotherapy and/or pharmacotherapy to examine both depression care receipt and outcomes compared with usual care. We hypothesized that the intervention (INT group) versus enhanced usual care (EUC group) would be associated with improved depressive symptom outcomes, functioning, quality of life, and A1C levels at 6, 12, and 18 months. Sociocultural adaptations (12, 13) were aimed at enhancing patient depression treatment engagement and adherence; reducing individual, provider, and system barriers to care; integrating depression and diabetes care; and providing culturally and linguistically competent care.
RESEARCH DESIGN AND METHODS -The study, approved by the University of Southern California Institutional Review Board, was conducted in public community clinics, one of which provides usual primary care, whereas the other offers diabetic patients referred by clinic primary care physicians (PCPs) a program in which diabetes nurse educators provide care coordination, monitoring, and self-management education. Trained bilingual study recruiters identified diabetic patients from medical charts. Patients provided verbal consent to depression symptom screening; eligible patients provided written informed trial consent. Randomization was conducted via a computer-generated random number in blocks of 10, with random assignment number enclosed in sealed envelopes; patients selected one of five sequential envelopes following baseline interview. Clinic PCPs and nursing staff attended a depression treatment didactic session by the study psychiatrist at study onset and a refresher midway.
Intervention model
Key elements in the Multifaceted Diabetes and Depression Program are based on evidence-based practice guidelines for primary care and are responsive to known barriers to treatment among patients in public safety-net clinics. The structured stepped-care algorithm 12-month intervention included 1) problem-solving therapy (PST) provided by bilingual graduate social work diabetes depression clinical specialists (DDCSs) and/or antidepressant medications prescribed by the treating PCP; 2) DDCS monthly telephone follow-up symptom monitoring, treatment maintenance, and relapse prevention; and 3) care and service system navigation by the DDCS and an assistant patient navigator. A psychiatrist and principal investigator (K.E.) provided weekly telephone DDCS supervision, and, if requested, the psychiatrist provided PCP antidepressant medication telephone consultation.
The algorithm was modeled after previous studies (12, 13 ) and aimed to ensure that patients received depression treatment consistent with their preference, clinical presentations, and responses over time. The algorithm included the following: step 1 (weeks 1-8): based on patient preference, patients start PST or antidepressant medication (usually a selective serotonin reuptake inhibitor titrated gradually to therapeutic dose); step 2 (weeks 9 -12): patients with partial/ nonresponse receive a different antidepressant medication or the addition of antidepressant medication or PST; step 3: patients with full response move to monthly maintenance/relapse prevention telephone monitoring. Nonresponsive patients were considered for additional PST, augmentation of low-dose Trazodone for insomnia, and referral to specialty mental health care.
Sociocultural enhancements (13) included psychoeducation to dispel treatment misconceptions, reduce stigma, and enhance therapeutic alliance; patient choice of first-line medication or PST and family participation; 8 -12 PST sessions (plus booster sessions if indicated and a PST open-ended patient support group available up to 12 months posttreatment); PST sessions tailored for literacy and idiomatic content and linking PST problemsolving skills training to enhance diabetes and depression self-management and coping with socioeconomic stress; and patient navigation assistance to facilitate patient-provider communication and financial and social resource access.
Enhanced usual care EUC patients received standard clinic care and in addition were given patientand family-focused depression educational pamphlets (Spanish or English) and a community, financial, social services, transportation, and child care resource list. EUC group PCPs were informed of patient depression diagnoses and study participation and could prescribe antidepressant medications or refer patients to community mental health care. Patients could seek mental health treatment.
Data collection
The 20-item Symptom Checklist Depression Scale (SCL-20) (14) was used as a reliable and valid measure of depression in medical populations that has been shown to be sensitive to change in primary care studies (Cronbach ␣ ϭ 0.91). The Patient Health Questionnaire-9 (PHQ-9) was used because it provides a dichotomous diagnosis of major depression, provides a continuous severity score, and has been found to have 73% sensitivity and 98% specificity to a diagnosis of probable major depressive disorder based on structured psychiatric interview (15, 16) . Thus, patients with a score of Ն10 are considered to have clinically significant depressive symptoms. Two standard questions from the Structured Clinical Interview for DSM-IV were used to assess dysthymia. The Sheehan Disability Scale was used to rate functional impairment on a 10-point Likert scale (17) . Health-related quality of life was assessed using the Medical Outcomes Study Short-Form Health Survey (SF-12) Physical and Mental Component Summary norm-based scores standardized to the general U.S. population with a mean (Ϯ SD) of 50 Ϯ 10. The SF-12 includes one measure of pain impact that asks respondents to rate pain interference with normal work on a scale (none 1, extreme 5). The Brief Symptom Inventory (18) assessed anxiety. The Summary of Diabetes Self-Care Activities Questionnaire assessed self-reported adherence (19) . Diabetes symptoms were assessed using the Whitty 9-item questionnaire, which has been demonstrated to change over time with effective diabetes treatment (20) . A1C was obtained from medical records with baseline A1C (last test done before enrollment) and follow-up A1C (last test done within 3 months of each postenrollment outcome); antidepressant medication prescriptions were monitored via medical records and self-report. Also assessed were self-reported weight and height (BMI), diabetes complications, comorbid medical illness, and socioeconomic stress (financial situation, work, unemployment, financial problems, marital/family conflicts, legal and care-giving problems, and community violence worry).
Statistical methods
Intent-to-treat analysis was conducted to evaluate intervention effects. Clinically meaningful improvement of depressive symptoms was assessed as a Ն50% reduction in baseline SCL-20 or PHQ-9; depression remission was assessed by SCL-20 Ͻ0.5 or PHQ-9 Ͻ5. Logistic regression models were conducted to compare the odds of achieving clinically meaningful improvement (Ն50% decrease in depressive symptoms), remission of depressive symptoms, or persistent major depression between enhanced usual care and the intervention at 6-, 12-, and 18-month follow-up. General linear mixed-effects models implemented in SAS Proc Mixed procedure were fitted with longitudinal data from baseline to 18 months to evaluate intervention effects on functional, socioeconomic, and clinical outcomes (21) . Unstructured covariance was specified in the mixed-effects model to account for within-patient correlations of repeated observations over time. Fixed effects of time, study group, and their interactions were examined. Both logistic regression and linear mixed-effects models were adjusted for clinic site, baseline depression severity (PHQ-9 score Ͻ15 vs. Ն15) and dysthymia, birth place, language, and years in the U.S. (Ͻ10 vs. Ն10). Two sensitivity analyses, with the first excluding non-Hispanics and the second excluding type 1 diabetic patients, were conducted. Analyses used SAS software version 9.1 (SAS Institute, Cary, NC).
Follow-up study attrition did not vary between groups (21.6% in the EUC group vs. 21.8% in the INT group at 6 months, 28.4% in the EUC group vs. 26.4% in the INT group at 12 months, and 29.4% in the EUC group vs. 25.4% in the INT group at 18 months) or in patients refusing continuing trial participation or no longer receiving care at clinics (10.9, 15.5, and 17.9% at 6, 12, and 18 months, respectively) (Fig. 1) . Baseline depression, quality-of-life clinical outcomes, and most demographics were similar between attrition and retention groups. Hot-deck imputation as well as multiple imputations with the predictive modelbased approach were implemented in SOLAS software version 3.2 (Statistical Solution, Saugus, MA). Imputed data for depression improvement and functional and clinical outcomes were consistent with results analyzed with all available data, so we report the latter. With 130 patients per group, 80% power was projected to detect a minimum 10% absolute difference in response rates with a twotailed ␣ level of 0.05. Enrolling 350 patients allowed a 30% attrition rate.
Intervention costs were measured as actual budget-based cost (not charges) for all DDCS and patient navigator services, using actual salary plus 32% fringe benefits. Resulting unit costs were $71 per patient visit (90 min), $35 per DDCS telephone follow-up (45 min), and $10 for each patient navigation call (10 -15 min (Fig. 1) .
Baseline demographic, clinical, and functional characteristics are summarized in Tables 1 and 2 . Patients were predominantly Latina, foreign born, in the U.S. Ն10 years, unemployed, and had not completed high school. Nearly 98% of patients had type 2 diabetes (eight had type 1 diabetes). Mean A1C levels were 9.05% in the EUC group and 9.01% in the INT group; 80% in the EUC group and 86% in the INT group had one or more diabetes complications. Over 60% had BMIs Ն30 kg/m 2 and 83% had one or more comorbid medical conditions. Over 50% of patients had moderate to severe depression (PHQ-9 Ն15); nearly 19% reported a history of depression. Patients from the two study clinics varied significantly with respect to birth place, language use, diabetes treatment, mean A1C levels, self-care management, comorbid medical illness, socioeconomic stress, and depression score. 
Intervention implementation

Depression outcomes
At 6, 12, and 18 months, INT patients were significantly more likely to have a Ն50% reduction in SCL-20 baseline score (57, 62, and 62%) versus EUC patients (36, 42, and 44%) (adjusted odds ratio range 2.46 -2.57; P Ͻ 0.001) ( Table  2 ). Significant group difference in a Ն50% decrease in PHQ-9 score also was found at each follow-up. Intervention patients had significantly greater odds of depression remission based on SCL-20 Ͻ0.5 at 6 and 18 months, with similar trends at 12 months as well as remission at 6 and 12 months based on PHQ-9 Ͻ5. Significantly fewer INT than EUC patients had persistent major depression (i.e., PHQ-9 Ն10) at each follow-up. There were no significant interaction effects on depression improvement or remission between study groups and baseline depression severity, sex, language, time in the U.S., education, use of insulin, time with diabetes, glycemic control, or obesity (BMI Ն30 kg/m 2 ) at each follow-up. Significant interactions were observed between study site and study group only for Clinical, functional, and socioeconomic outcomes There were significant study group-bytime interactions over 18 months in mean diabetes symptoms, SF-12 emotional and physical functioning and pain, Sheehan (22) . In light of known racial/ethnic disparities in receipt of depression care, it is noteworthy that INT patients had significantly higher rates of participation in PST, the length of time in which patients adhered to antidepressant medications, and the degree of satisfaction with the quality of depression care. Providing culturally sensitive acute and maintenance care that includes facilitating access to socioeconomic resources and is organizationally integrated within safety-net care systems is likely to have a marked effect on decreasing disparities in depression care among low-income and Hispanic patients with diabetes.
Despite the improvement associated with the intervention in quality and outcomes of depression care as well as improvements in functioning and decreased diabetes and pain symptom burden, no intervention effect on A1C or self-care management was found. An association between poorer glycemic control and depression has been frequently reported; however, results of treating depression and improving glycemic control are mixed. The trials reporting a change in A1C with improvement of depression were with less representative populations and often compared an evidence-based Data are means Ϯ SD or frequency (%). *t test for continuous data or 2 test for categorical data. †Diet, exercise, blood glucose testing, and foot care. ‡Hypertension; arthritis; or eye, gastrointestinal, kidney, or heart disease. §Received from a doctor, social worker, or psychologist, some of whom were also taking psychotropic medication. depression psychotherapy and diabetes education to diabetes education alone (23) . There is evidence that Hispanics report self-monitoring of blood glucose as being very difficult (24) , while in this study, patients often expressed to the depression care manager that general management of diabetes was socially and economically stressful.
Improving depression symptoms in patients with diabetes in prior collaborative care studies has been shown to be associated in comparisons with usual primary care with a high probability of achieving savings in total ambulatory medical costs (8) . The higher costs associated with providing enhanced mental health care were offset by greater savings in medical costs (8) . Black et al. (25) found in a large longitudinal study of an aging Hispanic population in the southwestern U.S. that depression markedly increases the risk in patients with diabetes of macro-and microvascular complications, incident physical disability, and mortality. Therefore, further studies are needed to ascertain whether improving outcomes of depression in patients with diabetes could decrease disability, complications, mortality, and medical costs.
Study results are encouraging and are consistent with other recent studies that have found that depression care management improvement strategies are effective over time among low-income and ethnic minority populations (12) . Improving treatment of depression by integrating a depression specialist (supervised by a psychiatrist) into primary care along with long-term follow-up may be especially helpful in view of the challenges faced by physicians in community safety-net clinics. Ensuring that linguistic, cultural, and economic factors are incorporated with collaborative care management that includes mental health personnel is also likely to reduce disparities in acceptance and receipt of treatment. Of 17 clinic physicians, clinic medical directors, and nursing staff interviewed, all reported satisfaction with the intervention model, and the sustainability of the model is under active consideration. Our culturally focused recruitment and follow-up outreach efforts are likely to have reduced potential attrition rates that did not vary between study groups and resulted in better-than-usual geographic mobility of the study population in these safety net clinics. Limitations Not unique to health services effectiveness trials, our study design may have biased our comparisons in favor of the EUC group. Increased prescription of antidepressant medications over baseline among usual care patients may be attributable in part to the following enhanced usual care design: all patients were screened and clinic physicians were notified of patients meeting study criteria, all physicians participated in the depression care didactic sessions and were given a copy of the stepped-care algorithm, and acutely suicidal patients were referred for further clinical evaluation and treatment. Because the same practitioners treated both intervention and EUC patients, there may have also been a spillover effect on quality of depression treatment. EUC patients may have also benefited from having received the linguistically and idiomatically adapted patient and family educational pamphlets and the information provided on available supportive services. These biases may contribute to an underestimation of the effectiveness of the intervention compared with usual care outside a research trial. Additional limitations include our reliance on self-reports of chronic medical conditions and potentially underreporting of use of antidepressants and psychotherapy.
CONCLUSIONS -Socioculturally and organizationally adapted collaborative care is feasible and effective in improving quality of depression treatment and depressive and functional outcomes in a low-income, predominantly Hispanic population in safety-net clinics. To reduce disparities in depression care, these results suggest that despite organizational obstacles inherent to safety-net clinics, physicians should be aware of the increased risk of depressive symptoms in patients with diabetes and consider ways to routinely screen and implement socioculturally adapted collaborative depression care management. Data are means Ϯ SD or frequency (%). See Fig. 1 for the number of patients analyzed. One EUC patient did not complete SCL-20 assessment at 6 months. *Logistic regression for the first five variables on receipt of depression care and depression outcomes; mixed-effects linear regression was used for the remaining outcomes. The first three variables on receipt of depression care were adjusted for study site, and the rest of the variables were adjusted for study site, dysthymia, baseline depression severity (PHQ-9 Ͻ15 vs. Ն15), birth place (U.S. vs. others), language, and years in the U.S. (Ͻ10 vs. Ն10 years). NA, not applicable.
